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(57) Abstract 

An improved echo canceler training technique may be Mnployed by a digital server modem in a PCM modem context, such as a y.90 
modem system. The disclosed echo canceler training technique establishes the digital impairments within the edio patii by transmitting 
a training signal from a transmitter located at the digital server modem. The echo signal generated in response to the training signal is 
received by the digital server modem and appropriately analyzed to accurately model the echo path. TTie echo canceler resident at the server 
modem is then suitably trained to compensate for the modeled echo path. In the preferred embodiment, the echo canceler training signal is 
also used during the context of downstream digital impairement learning by the analog client modem. In the context of the echo canceler 
training, the server modem does not rely upon any processing or analysis performed by the client modem; the server modem trains its echo 
canceler widiout receiving any information from the client modem. 
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METHOD AND APPARATUS FOR TRAINING AN ECHO CANCELER 
IN A PCM MODEM CONTEXT 

FIFI n OF THE INVENTION 
5 The present Invention relates generally to echo cancellation techniques in a digital 

communication system. More particularly, the present Invention relates to an echo 
canceler training scheme that contemplates the presence of digital impairments or other 
memoryless nonlinearities within the echo channel. 

10 BACKGROUND OF THE INVENTION 

56 kbps modems are very soon to be standardized in accordance with the V.90 
modem recommendation. V.90 modems employ pulse code modulation (PCM) 
techniques and take advantage of the digital nature of the public switched telephone 
network (PSTN) to obtain a higher data rate in the downstream direction, i.e.. from a 

15 server modem to a client modem. FIG. 1 depicts a conceptual diagram of a typical 56 
kbps communication path using current PCM modem technology. A central site, such as 
an intemet service provider (ISP) 100. is digitally connected to a telephone network 130 
through a transmitter 1 10 and a receiver 120 resident at an ISP modem 105. The network 
130 is connected to a local loop 150 through a central office line card 140. The line card 

20 typically has a PCM codec implemented therein. The local loop 1 50 is connected to the 
user's personal computer (PC) 170 at the user's site through the user's modem 160. As 
can be appreciated by those skilled in the art. the connection between the ISP modem 
transmitter 1 1 0 to the telephone network 130 is a digital connection that supports a typical 
data rate of about 64 kbps. Since the parameters of the telephone network 130 and line 

25 card 140 are dictated and set by the operating specifications of the network (and 
particularly the use of the u-\aw or A-law signal point constellations), the central site 
transmitter 1 10 is configured to transmit the digital data in a particular way to fully exploit 
its digital connection to the network. 

FIG. 2 illustrates a portion of a digital server modem 200, which includes a 

30 transmitter 202 and a receiver 204. As with many practical data communication systems, 
near-end echo (represented by an echo path 206) associated with a transmit signal may 

1 
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be present in a signal received by server modem 200. The characteristics of the near-end 
echo signal may be dictated by functional components in the upstream and downstream 
channels and/or processing performed within the telephone network. The echo signal 
combines with the intended receive signal and the "corrupted" receive signal is then 
5 processed by server modem 200. An echo canceler 208 is employed by server modem 
200 to compensate for the near end echo. In an ideal modem system, a duplicate echo 
signal generated by echo canceler 208 is subtracted from the signal received by server 
modem 200. 

In V.90 modems, the presence of digital impairments in echo path 206 complicates 

10 the echo cancellation process. These digital impairments, such as robbed bit signaling 
(RBS) and digital pads, are nonlinear in nature and usually memoryless; conventional 
echo cancellation techniques for modeling the overall echo path using a linear time 
invariant (LTI) fitter may not provide optimal results. Instead, the echo path 206 can be 
effectively modeled as a nonlinear memoryless mapping, an LTI filter, and another 

1 5 nonlinear memoryless mapping. Furthermore, current echo cancellation techniques for 
V.90 server modems have several shortcomings. One proposed solution utilizes a 
probing signal that is transmitted by digital server modem 200 and received by the analog 
client modem. The cliexj-t-modem detects and analyzes the downstream digital 
impairments and sends information back to server modem 200. The infomiation is utilized 

20 by echo canceler 208 to establish and model the characteristics of the downstream digital 
impaimients in addition to analog aspects of echo path 206. This technique is 
undesirable because server modem 200 must rely upon the detection and analytical 
capabilities of the client modem. Performance errors caused by the client modem can 
adversely affect the server modem echo cancellation procedure and can adversely affect 

25 the ultimate resolution of the receive signal. 

Furthermore, the current scheme for sending back the mapping information from 
the analog client modem to the digital server modem 200 assumes that the digital 
impairment source always maps one PCM level to another PCM level. This assumption 
may not be valid for some situations. In addition, the above proposed scheme only 

30 analyzes the downstream characteristics of echo path 206. The client modem has no way 
to directly determine those aspects of echo path 206 that are associated with any 

2 



BNSDOCID: <WO__9965156A2J_> 



wo 99/65156 



PCT/US99/12629 



upstream digital impairment features of the modem system. Although server modem 200 
may be configured to estimate such upstream digital impairment features in echo path 
206, an adaptive and direct measurement of echo path 206 may be more robust and 
reliable. 

5 Finally, the accuracy of this proposed echo cancellation technique may not be 

optimal. Due to elements in the downstream path over which the probing signal must 
travel, the amount of noise in the probing signal may exceed desirable levels. Excessive 
noise levels or nonlinearities present in the downstream channel (which may not 
necessarily exist in echo path 206) can corrupt the detennination of the downstream 
10 digital impairment characteristics and can lead to inaccurate echo cancellation. 

> ■ ■ ■ SUMMARY OF THE INVENTION 
Accordingly, it is an advantage of the present invention that an improved echo 
cancellation technique suitable for V.90 server modems is provided. r 

Another advantage of the present invention is that it provides an echo^eanceler 
training technique that is dedicated to the server modem such that information*from the 
client modem is unnecessary. 

Another advantage is that the present invention can employ an echo canceler 
training procedure that utilizes a line probing signal which also serves as a downstream 
digital impairment learning signal. 

A further advantage is that the present invention may be configured to compensate 
for digital impairments and other nonlinear distortions that may be present in the near-end 
echo path. 

Another advantage is that the prefen-ed echo canceler training process does not 
assume that the digital impaimnent sources always map one PCM level to another PCM 
level. 

Another advantage is that a server modem echo canceler training technique 
according to the present invention is more robust and reliable than prior art techniques. 

Another advantage is that the present invention provides a server modem echo 
canceler training scheme having less exposure to system noise than previous solutions. 
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The above and other advantages of the present invention may be carried out in 
one form by a method for training and adaptive updating of a server modem echo 
canceler in a data communication system having a transmitter configured to transmit 
signals over a downstream communication channel and a receiver configured to receive 
5 signals over an upstream communication channel, where echo signals follow an analog 
echo path from the transmitter to the receiver. The prefen^ed method involves transmitting 
a training signal from the transmitter, determining, in response to the training signal, digital 
impairments present within the echo path, and obtaining, in response to the training 
signal, the transfer characteristics of the echo path. 



A more complete understanding of the present invention may be derived by 
referring to the detailed description and claims when considered in connection with the 
Figures, where like reference numbers refer to similar elements throughout the Figures. 



FIG. 1 is a schematic representation of an exemplary PCM modem system in 
which the principles of the present invention may be incorporated; 

FIG, 2 is a schematic representation of an exemplary modem system having an 
echo canceler that compensates for near-end echo signals; and 



having a server modem configured in accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED EXEMPLARY EMBODIMENTS 
The present invention may be described herein in terms of functional block 
25 components and various processing steps. It should be appreciated that such functional 
blocks may be realized by any number of hardware components configured to perform 
the specified functions. For example, the present invention may employ various 
integrated circuit components, e.g.. memory elements, digital signal processing elements, 
look-up tables, and the like, which may cany out a variety of functions under the control 
30 of one or more microprocessors or other control devices. In addition, those skilled in the 
art will appreciate that the present invention may be practiced in any number of data 



10 



BRIEF DESCRIPTION OF THE DRAWINGS 



15 



and: 



20 



FIG. 3 is a detailed schematic representation of an exemplary PCM modem system 
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communication contexts and that the modem system described herein is merely one 
exemplary application for the invention. Further, It should be noted that the present 
invention may employ any number of conventional techniques for data transmission, 
control signaling, signal processing and conditioning, and the like. Such general 
5 techniques are known to those skilled in the art and will not be described in detail herein. 

An exemplary PCM modem system 100 that may incorporate the principles of the 
present invention is generally shown in FIG. 1 . and FIG. 3 is a more detailed block 
diagram depiction of a PCM modem system 300 configured in accordance with the 
present invention. It should be appreciated that the particular implementation shown in 
10 FIG. 3 and described herein is merely exemplary and is not intended to limit the scope of 
the present invention in any way. Indeed, for the sake of brevity, conventional timing 
recovery, automatic gain control (AGC), synchronization, training, and other functional 
aspects of modem system 300 are not described in detail herein. Furthermore, the 
connecting lines shown in FIG. 3 are intended to represent exemplary .fu fictional 
1 5 relationships and/or physical couplings between the various elements. Those skilled in 
the art will recognize that many alternative or additional functional relationships or 
physical connections may be present in a practical modem system. 

FIG. 3 illustrates a portion of a server modem 302. which includes a transmitter 
304 and a receiver 306. A number of downstream digital impairrnents (DSDI) 308 may 
20 be present in the downstream channel. The DSDI 308 may include one or more of the 
following components: robbed-bit signaling (RBS) prior to a digital pad, a digital pad, and 
RBS after a digital pad. These digital impainnents can affect the signals that are originally 
transmitted by transmitter 304. For analytical purposes, DSDI 308 is assumed to define 
a memoryless transfer function. In other words, the transfer function is independent of 
25 any past values. In fact, the combination of DSDI 308 and a digital to analog converter 
314 can be adequately modeled by a memoryless mapping function. Upstream digital 
impairments (USDI) 310 may also be present in the upstream channel. However, the 
presence of digital pads in the upstream direction are rarely encountered. Accordingly, 
to simplify the following discussion and the corresponding inventive concepts, the USDI 
30 310 is assumed to only include RBS. 

5 
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Due to the presence of DSDI 308, y.90 modem systems perform a digital line 
impairment teaming procedure to enable the analog PCM modem, e.g., a user modem 
312. to design appropriate signal point constellations for use during the data mode. One 
suitable digital line impairment learning procedure is set forth in the draft V.90 
5 recommendation published by the ITU Telecommunications Standardization Sector; the 
entire content of the V.90 recommendation is hereby incorporated by reference. In 
addition, a suitable digital line impaimient learning procedure is described in United States 
patent application serial number 08/969.971, filed November 13. 1997. The entire content 
of this patent application is also hereby incorporated by reference. Briefly, the 

10 characteristics of DSDI 308 are learned and established by transmitting a suitably 
formatted signal from server modem 302 to user modem 312. User modem 312 then 
analyzes the received learning signal to determine the characteristics of the DSDI 308. 
User modem 312 may then design an appropriate set of signal point constellations in 
response to the characteristics of the DSDI 308; the constellations are designed to 

1 5 compensate for the DSDI 308, 

Server modem 200 also operates in conjunction with a digital-to-analog converter 
(DAC) 314 (typically associated with the transmit codec, which, in a practical 
telecommunication system, may be located at a central office line card) and an 
analog-to-digital converter (ADC) 316 (typically associated with the receive codec, which, 

20 in a practical telecommunication system, may be located at a central office line card). A 
number of linear analog elements 318. e.g.. a hybrid and any number of analog filters, 
may also be associated with modem system 300. Hybrids, which are generally well 
known, provide an interface between the telephone network communication channel 320 
and user modem 312. Those skilled in the art will be familiar with the characteristics and 

25 operation of these components, which may utilize techniques and processes known in the 
data communications art. 

A server modem echo path 322 is also depicted in. FIG. 3. In the context of 
exemplary modem system 300, the transfer function of echo path 322 may include 
contributions from DSDI 308, DAC 314. linear analog elements 31 8. ADC 316. USDl 310, 

30 and other elements (not shown) present in modem system 300. Accordingly, echo path 
322 may include contributions from linear and/or nonlinear sources. For example, a 
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traditional analog linear echo path includes contributions from DAC 314. linear analog 
elements 318. and ADC 316 (although there may be nonlinear distortion effects caused 
by one or more of these components). On the other hand, the effects of DSD! 308 and 
USDI 310 are nonlinear in nature. These nonlinearities must be contemplated to provide 

5 optimum echo cancellation. Accordingly, the present invention preferably models echo 
path 322 as a combination of a nonlinear memoryless mapping, an LTI filter, and another 
nonlinear memoryless mapping. 

Server modem 302 may include a digital impairment learning element 324 
configured to establish digital impaimrient infomiation associated with DSDI 308 and/or 
10 USDI 310. It should be noted that a practical implementation may incorporate learning 
element 324 into echo canceler 328 and/or into any number of echo cancellation 
elements (described below). With respect to DSDI 308. server modem 302 need not rely 
upon user modem 312 to provide information or data associated with DSDI 308. 
Accordingly, unlike prior art techniques, server modem 302 can detect and analyze the 

15 effects of DSDI 308 in a robust and reliable manner without having to rely upon the 
perfomiance or precision of user modem 312. In addition, server modem 302 neied not 
assume that the digital impairments map one PCM level to another PCM level (which may 
not necessarily be a valid assumption); the server modem echo cancellation techniques 
of the present invention can be employed to more accurately model echo pathf^322. 

20 Furthermore, the independent detemnination of the digital impainnents by server nriodem 
302 is desirable because the contributions of upstream components and processing 
elements are also considered. 

Learning element 324 may establish the effects of DSDI 308 by canying out any 
suitable process. For example, learning element 324 may utilize the same (or similar) 

25 techniques that are employed by user modem 312 during its conventional detection of 
DSDI 308. For example, all possible output symbols for each of the various RBS phases 
can be analyzed to enable a DSDI emulator 326 to provide a suitable input to an echo 
canceler 328. It should be appreciated that more efficient techniques may also be 
implemented. For example, the RBS pattem may be initially detennined to enable 

30 modem 302 to subsequently determine the digital pad infonnation by comparing received 
values corresponding to the presence and absence of RBS. Alternatively, a number of 
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separate echo cancelers (each associated with a particular symbol position) may be 
trained with shortened impulse responses in parallel with echo canceler 328. Then, by 
comparing the errors from each of the individual echo cancelers, the presence of 
downstream RBS can be detected and analyzed. It follows that the digital pad infomiation 
5 may be extracted by correlating the residual echo with the position of the transmitted 
symbols in the echo canceler delay line. 

Echo canceler 328 may be realized by any number of conventional structures. In 
one exemplary embodiment, echo canceler 328 is configured as an adaptive digital filter 
that employs a least-mean-square (LMS) algorithm. Exemplary LMS filters, and other 

10 suitable arrangements are described in detail in ADAPTIVE FILTER THEORY, by Simon 
Haykin (3rd ed., 1996), which is incorporated by reference herein. 

In the preferred embodiment of the present invention, and as mentioned above, 
USD! 310 is assumed to only include RBS. This type of RBS is detenninistic and is 
relatively easy to detect and analyze while receiving any signal of sufficient, amplitude 

15 during, e.g., an upstream line probing procedure. In a practical embodiment a signal of 
sufficient amplitude is necessary such that sen/er modem 302 can detect the occurrence 
of the upstream RBS (RBS affects the least significant bits of the tainted symbols; the 
amplitude of the received signal must be such that a "switching" of the least significant 
bits can be detected). The signal used to determine the upstream RBS may originate 

20 from user modem 312, from server modem 302, or from any suitable source. The 
presence of RBS can be detected by server modem 302 by monitoring the least 
significant bits of periodically received symbols, regardless of the source of such symbols. 
USDI 310 is easier to process than DSDl 308 because, unlike the downstream signals 
received by user modem 312, channel distortion and noise components have no effect 

25 on the RBS-tainted signal received by sen/er modem 302. 

It should be appreciated that the determination of DSDl 308 may be performed at 
any suitable time. For example, DSDl 308 may be determined concurrently with the echo 
canceler training. However, in the preferred embodiment. DSDl 308 is analyzed prior to 
the echo canceler training. 

30 One suitable upstream line probing technique is set forth in the V.34 

recommendation (this upstream line probing technique is conducted during Phase 2 
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training). Accordingly, in the context of tlie present invention, it is assumed that USDI 310 
can be accurately determined, e.g., by learning element 324, and compensated for. For 
example, an exemplary server modem 302 may monitor the robbed bit positions (e.g., the 
least significant bits) of received symbols over a predetermined symbol frame. In practice, 
5 RBS caused by the upstream channel will be repeated at server modem 302 every 12 o^ 
24 symbols (i.e.. the RBS pattern will be two or four bits), and possibly every 6 symbols. 
If RBS is present in a particular symbol phase, every sixth least significant bit will be 
robbed and repeated every 24 symbols. During Phase 2 training of a V.90 server modem, 
the probability of every 24th bit being constant absent RBS is very low. Accordingly, if a 
10 given symbol position within a 24-symbol frame is consistently received as the same value 
throughout Phase 2. then server modem 302 can assume that RBS has affected that 
particular symbol position. 

Server modem 302 may include a USDI inverter 330 configured to "reverse" the 
effects of USDI 310. USDI inverter 330 may be configured to suitably process the 
15 Incoming signal to compensate for the presence of upstream RBS by translating>//-law 
symbols transmitted at the RBS-affected positions within a frame to a linear.value that 
minimizes the affect of the upstream RBS. 

The various echo cancellation elements, e.g., echo canceler 328. DSDI emulator 
326. and USDI inverter 330 are preferably trained during an initialization period near the 
20 beginning of a communication session. Accordingly, an echo cancellation training signal 
may be generated by transmitter 304 such that digital impaimient learning element 324 
can apply the appropriate process control parameters to the relevant echo cancellation 
elements. In the preferred embodiment, server modem 302 takes advantage of the digital 
impairment learning (DIL) signal that is already called for in the V.90 recommendation. 
25 As described above, the DIL signal is configured to enable user modem 312 to 

determine DSDI 308 in the downstream channel. The V.90 recommendation requires that 
a two-point (one training symbol and one reference symbol, with positive and negative 
signs) DIL signal be transmitted from sen/er modem 302 to user modem 312 during 
Phase 3 training. The present inventors have detemnined that server modem 302 can 
30 utilize the same DIL signal to concurrently train echo canceler 328 and/or DSDI emulator 
326 in response to the digital impairment characteristics of echo path 322. The use of the 



9 



BNSOOCID: <WO_99651 56A2J_> 



wo 99/65156 



PCTAJS99/12629 



DIL signal in the context of echo cancellation reduces the processing complexity of server 
modem 302. Of course, the training of the echo cancellation elements of server modem 
302 can alternatively be accomplished by transmitting a dedicated training signal from 
transmitter 304. 

5 As described above, the contribution of USDI 310 is preferably determined during 

the Phase 2 training. In the preferred exemplary embodiment, the linear analog echo 
portion of echo path 322 is then determined during the two-point Phase 3 training 
procedure. Thereafter, e.g., during the digital line impairment learning procedure, the 
portion of echo path 322 associated with DSDI 308 (and/or other nonlinear memoryless 

10 functions) is established by server modem 302. 

After transmission by transmitter 304, the echo cancellation training signal may be 
subjected to DSDI 308. which may include initial RBS (i.e., prior to a digital pad), a digital 
pad, and/or subsequent RBS (i.e.. after a digital pad). Accordingly, the signal following 
DSDI 308 may be impaired in a nonlinear manner by DSDI 308. The digitally impaired 

15 echo cancellation training signal is then processed by DAC 314 in the same manner as 
any other transmitted signal. A portion of the converted echo cancellation training signal 
(i.e.. the echo portion) appears at the input to ADC 316; the echo effect is caused by the 
combination of linear analog elements 318 and transmission channel 320. The 
determination and modeling of the echo characteristics of linear analog components is 

20 well known (assuming the input to such linear analog components is known); such 
modeling techniques will not be described herein. ADC 316 processes the echo signal 
in the same manner as any other received signal. 

After being converted by ADC 316. the echo signal may be affected by USDI 310, 
which rarely includes anything other than RBS. Thus, as described above, USDI 310 can 

25 be determined and compensated for in a relatively straightforward manner if server 
modem 302 assumes that USDI 310 only includes RBS. The nonlinear contributions of 
DSDI 308 and USDI 310, in addition to nonlinear distortion effects present in the analog 
echo path, make it challenging to efficiently and reliably establish echo path 322 using 
conventional techniques. 

30 Regardless of the specific configuration and format of the initial echo cancellation 

training signal, the corresponding echo signal is eventually received by receiver 306 and 

10 
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suitably analyzed by digital impairment learning element 324. Digital impaimient teaming 
element 324 may then employ any number of suitable algorithms to generate appropriate 
con-ection parameters for echo canceler 328. DSDI emulator 326, and/or USDI inverter 
330. Depending upon the specific implementation, the functionality of DSDI emulator 326 
5 and/or USDI inverter 330 may be incorporated into echo canceler 328. With suchvan 
arrangement, digital impairment learning element 324 may be suitably configured to train 
one echo canceler architecture rather than a number of individual processing 
components. 

Server modem 302 may include a PCM code to linear converter element 331. 

1 0 Element 331 preferably converts each of the 8-bit PCM codes (PCM codes are nonlinear 
in nature) into a corresponding 14-bit linear code. Accordingly, the combination of 
converter element 331. USDI inverter 330, USDI 310. and ADC 316 may be considered 
to function like a linear codec. In other words, the signal input to ADC 316 exhibits linear 
characteristics and the signal output from converter element 331 also exhibits linear 

15 characteristics. ^- 

As described above, the preferred embodiment leverages the DIL signal that is 
already specified in the V.90 recommendation for use after the two-point Phase 3 training 
procedure; the current start-up routine need not be modified to accommodate the 
improved echo cancellation training. Furthemiore. the preferred echo cancellation training 

20 procedure does not rely on any information that is detennined or transmitted by user 
modem 312. Although a number of specific echo canceler training methodologies may 
be suitable in the context of the present invention, the following exemplary algorithm takes 
advantage of the two-point training procedure in Phase 3 and the nature of the \/.90 DIL 
signal. 

25 There are many different ways to establish such a training procedure. It may be 

possible to classify the different approaches into two main categories: one methodology 
explicitly identifies a potentially scaled version of the analog portion of the linear echo 
impulse response and the other methodology implicitly identifies the same. In this 
description, an exemplary algorithm from the latter category is set forth. 

30 Referring to FIG. 3, the sequence of symbols transmitted by server modem 302 is 

assumed to be x(n), e.g.. a sequence of the 8-bit universal codes set forth in the V.90 

11 
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recommendation. In the context of this description, n is used to indicate the time index 
of x(n) and other symbol sequences; the symbols are transmitted in accordance with a 
certain pre-established data rate. After the occurrence DSDI 308 and DAC 314, the 
sequence x(n) is mapped to the sequence y(n), where y(n) = F„[x(n)] . The subscript n 
5 is employed to indicate the dependency of the function F over the time index n. In a 
practical system, it can be assumed that F„[.] is odd symmetric with a certain period, i.e., 
F„[-x(n)] = -F„[x(n)]. In the exemplary V.90 environment, it can be assumed that F„[.] has 
a period of six, I.e., there are only six possible values of y(n) for each value of x(n), 
depending upon the RBS phases. This assumption arises from the realization that, for 
10 a given communication session, RBS will affect transmitted symbols in a periodic nature 
(a period of six symbols). 

If the substantially linear time invariant echo channel response (associated with 
linear analog elements 318) is defined as h(n). then the echo signal present prior to ADC 

\t-l M-l 

3 1 6 can be written as: Kn) = ^ lukiyai - k) + i/nv = ^ hfh F...k [x(n - k)J + q(n). where q(n) is 

k II k'O 

1 5 the quantization noise introduced by ADC 316. In the context of this description, M is the 
sample length of hfn), which is modeled as an impulse response of the linear analog echo 
path. In a practical V.90 modem system, M may exceed 100 samples. By defining 
XMn-k)\ = h(k)FJix(n-k)], the above equation can be rewritten as: 

:(,v= Y.hrkjF,,.kfxrn-kfJ + i/(n;= ^G.,.klx(n-kjJyNhere G^^x(n-k)] represents the 

20 amount of echo at time index n created by sending a value x(n-k) at time index n-k, which 
is both a nonlinear function of the possible values of x(n-k) and the time index n-k. In the 
preferred exemplary V.90 system, x(n) has 256 possible values, G„J..] has six possible 
fomis, and the length of the echo path is M. It is theoretically correct to form a table of 
synthesized echo \/a\ues,G,,,Jx(n- k)J.to emulate all of the possible values of z(n). 

25 Therefore, the echo can be modeled by an appropriate sum of G„.^ values, which are 
dependent upon the respective values of x(n-k). Consequently, the size of the table will 
be 256*M*6 data points or entries. 

Considering the above assumptions and relationships, the adaptive algorithm for 

M-l 

updating each of the g„.^ values is as follows: e(n) = z(n) - ^ gT-* Mn - and 

k-O 
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G!rr/^<''"*^^^Gr*/^^<'"'*^^ should be noted that this technique concurrently 

determines the echo characteristics of linear analog elements 318. along with the echo 
characteristics of the nonlinear elements, e.g., DSDI 308. Although this is a very general 
and powerful approach that is applicable to any function G^. and one that only utilizes 
5 additive operations, an excessive amount of memory may be required to implement the 
algorithm in a practical system. In addition, this algorithm converges in a relatively slow 
fashion. Accordingly, a more memory efficient procedure may be utilized to provide better 
results. The preferred procedure defines one of the echo cancellation training symbols 
to be a reference value and detennines suitable scaling adjustments to compensate for 

1 0 the digital impaimnents. In the exemplary V,90 modem system, prefen^ed reference points 
are already defined during the Phase 3 two-point training procedure. This alternate 
technique may be considered to be a two-step process, where the linear analog echo 
components and the nonlinear digital echo components are determined separately. 

As described above, a reference value x,Jn) is selected to start the initial training 

1 5 of echo canceler 328. This step only utilizes 6*M of memory because only one x(n) value 
is used. i.e.. the reference value. In this context, the algorithm is as follows: 

is equivalent to the above expression but for the use of x^^n-k) ratheV than x(n-k). For 
any new value of x(n) such that x(n)^x^^n), the function F can be redefined as: 
20 F„fxffi/J = s„[xfn)J FJ xnifn)lyf^^ere s„ is a scaling factor. It follows that: 

G„,k fx(n -k)]^ h(k) Fn-k lx(n - k)] = h(k) s„.m Mn - k)J F»., [ x^ ln - k)] = 
s„.kfx(n'k)jG„,k[xrrr(f^-l()l 

In the exemplary embodiment described herein. s„[x(n)] can have a maximum of 
six different values for each new value ofx(n)] the particular value depends upon the RBS 
phase. Thus, the algorithm need only determine 6*256, or 1536 of the s„[x(n)] values to 
25 fully characterize all of the possible synthesized echo values. In addition, the s„[x(n)] 
values define or characterize the mapping associated with DSDI 308. The preferred 
adaptive algorithm is expressed as: 

e(n) = z(n) - *^ [x(n - k)J cZ f Xref (n - k)]; and 

13 
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Aw'A<^«-W = :s«:'*/xrw-W it is assumed that G^.] is odd 

symmetric, then the amount of memory required to support the algorithm can be further 
reduced to 6*128, which is comparable to the amount of memory required to perform 
adaptive level estimation by user modem 312 during initialization. 
5 In summary, the present invention provides an improved echo cancellation 

technique suitable for V.90 server modems; the technique is more robust and reliable than 
prior art methods. The present invention also provides an echo canceler training 
technique that is dedicated to the server modem; the training technique need not rely 
upon information sent from the client modem to the server modem. The preferred echo 

10 canceler training procedure utilizes a line probing signal which also serves as a 
downstream digital impairment teaming signal for the modem system. In accordance with 
the present invention, the server modem may be configured to compensate for digital 
impairments and other nonlinear distortions that may be present in the near-end echo 
path. Unlike prior art methodologies, the preferred echo canceler training process does 

15 not assume that the digital impairment sources always map one PCM level to another 
PCM level. Furthemnore, the echo canceler training scheme has less exposure to system 
noise than previous solutions. 

The present invention has been described above with reference to a preferred 
embodiment. However, those skilted in the art will recognize that changes and 

20 modifications may be made to the preferred embodiment without departing from the scope 
of the present invention. These and other changes or modifications are intended to be 
included within the scope of the present invention, as expressed in the following claims. 
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CLAIMS 

What is claimed is: 

5 1 . An echo cancellation method for a modem system comprising a first modem 

having a transmitter configured to transmit signals to a second modem over a 
downstream communication channel and a receiver configured to receive signals from 
said second modem over an upstream communication channel, where an echo channel 
conveys echo signals between said transmitter and said receiver, said method comprising 
1 0 the steps of: 

transmitting a training signal from said first modem; 

receiving a training echo signal at said first modem, said training echo signal being 
associated with said training signal; and 

determining, in response to said training echo signal, a memoryless nonlinear 
15 function associated with said downstream communication channel, said .memoryless 
nonlinear function occurring prior to a substantially linear analog portion of said echo 
channel; wherein 

said determining step is performed by said first modem. 

20 2. A method according to claim 1. further comprising the step of obtaining 

characteristics of said substantially linear analog portion of said echo channel, said 
obtaining step being performed by said first modem. 

3. A method according to claim 1 , wherein said memoryless nonlinear function 
25 is associated with a digital impairment present within said downstream communication 

channel. 

4. A method according to claim 1 . further comprising the steps of: 
establishing characteristics of said downstream channel in response to said 

30 training signal; and 
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designing a signal point constellation in response to said characteristics of said 
downstream channel, said signal point constellation being employed during a subsequent 
data transmission session; wherein 

said establishing and said designing steps are performed by said second modem. 

5 

5. A method according to claim 4. wherein said determining step and said 
establishing step are performed in a substantially concurrent manner during an 
initialization phase associated with said modem system. 

10 6. An echo cancellation method for a modem system comprising a first modem 

having a transmitter configured to transmit signals to a second modem over a 
downstream communication channel and a receiver configured to receive signals from 
said second modem over an upstream communication channel^ where an echo channel 
conveys echo signals between said transmitter and said receiver, said method comprising 

15 the steps of: 

transmitting a training signal from said first modem, said training signal being 
formatted to enable said second modem to establish characteristics of said downstream 
channel in response to said training signal; 

receiving a training echo signal at said first modem, said training echo signal being 
20 associated with said training signal; and 

training an echo canceler associated with said first modem in response to said 
training echo signal. 

7. A method according to claim 6. further comprising the step of determining, 
25 in response to said training echo signal, a digital impairment present within said 

downstream communication channel, said determining step being performed by said first 
modem. 

8. A method according to claim 7, further comprising the step of analyzing said 
30 training echo signal to establish a model of said digital impairment. 
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9, A method according to claim 8. further comprising the step of adjusting 
functional characteristics of said echo canceler in accordance with said model of said 
digital impairment. 

5 10. A first modem device configured to transmit signals to a second modem 

device over a downstream communication channel and to receive signals from said 
second modem device over an upstream communication channel, said first modem 
device comprising: 

a transmitter configured to transmit a training signal to said second modem device; 
10 a receiver configured to receive a training echo signal associated with said training 

signal, said training echo signal being associated with a near-end echo channel that 
conveys echo signals between said transmitter and said receiver, wherein said near-end 
echo channel includes a linear analog echo portion; 

an echo canceler configured to compensate for a memoryless nonlineanf unction 
15 associated with said downstream communication channel, said memoryless nonlinear 
function contributing to the transfer function of said near-end echo channel and occumng 
prior to said linear analog echo portion; and 

means for training said echo canceler in response to said training echo signal. 

20 1 1 . An echo cancellation method for a modem system comprising a first modem 

having a transmitter configured to transmit signals to a second modem over a 
downstream communication channel and a receiver configured to receive signals from 
said second modem over an upstream communication channel, where an echo channel 
conveys echo signals between said transmitter and said receiver, said method comprising 

25 the steps of: . 

receiving, at said first modem, a sequence of symbols exposed to a robbed bit 
signaling process associated with said upstream communication channel; 

determining the effects of said robbed bit signaling process in response to said 
sequence of symbols, said detemiining step being performed by said first modem; and 

30 compensating for the effects of said robbed bit signaling process during a near-end 

echo cancellation procedure performed by said first modem. 
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(57) Abstract 

An improved echo cancels training technique may be cnqstoyed by a digital server modem (302) in a PCM modem context, such as a 
V.90 modem system (300). The disclosed echo canceler training technique establishes the digital impairmmts within the echo path by 
transmitting a training signal from a transmitter (304) located at digital server modem. The echo signal generated in response to the 
training signal is received by the digital server modem and appropriately analyzed to accurately model the echo path. The echo canceler 
(308) resident at the server modem is then suitably trained to compensate for the modeled echo path. In the preferred embodiment, the echo 
canceler training signal is also used during the context of downstream digital impairement learning by the analog client modem (312). In the 
context of the echo canceler training, the server modem does not rely upon any processing or analysis performed by the client modem; the 
server modem trains its echo canceler without receiving any information from the client modent 
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